Boesenbergia rotunda is a medicinal plant that used traditionally in South East Asia as a healing for various ailments including neurological disorders. Therefore, this research was designed to describe the biological evaluation pertaining to anti-human cholinesterase (hAChE) activities, molecular docking and in silico prediction of Boesenbergin A (BA), a natural chalcone isolated from B. rotunda. The anti-hAChE activity of BA was evaluated using acetylthiocholine as a substrate and 5,5-dithiobis[2-nitrobenzoic acid] (DTNB) as chromogen. Docking study with flexible boesenbergin A was done using Autodock 4.2 software and A Lamarkian Genetic Algorithm search method. ADME/Tox analysis was also performed using ADMET Descriptors software. The inhibitory activities of BA and the standard drugs tacrin and propidium iodide on human acetylcholinesterase are 70.1±5.43, 76.6±5.11 and 28.2±2.47, respectively. Molecular docking investigation showed that BA occupies the active site of hAChE and this strongly suggests that it acts as a competitive inhibitor and ultimately reduces the activity of the enzyme. BA also exhibited good ADMET properties indicating capacity for further studies towards developing this compound into a potent drug candidate for the treatment of Alzheimer's disease. The present study extends the understanding on the molecular mechanism underlying the diverse biological activities of Boesenbergia rotunda.
INTRODUCTION
Neurodegeneration is characterized as the dysfunctions of nerve cell and loss of neurons in the central nervous system. Alzheimer's disease (AD) is considered the top ranked neurodegenerative disease and millions of people are reported to suffer from this disturbing ailment (Darreh-Shori and Soininen, 2010; Weinreb et al., 2009) . Therapeutic strategies to this ailment are also based on the assumption of acetylcholinesterase inhibition (Kovacs et al., 2012) . Indeed, many scientific trials have been conducted in order to discover typical and non-toxic drug for the treatment of AD. The most commonly used drug for the treatment of AD is tacrine which is recognized to have so many side effects that in most cases they lead to withdrawal of the medication. Other drugs like donepezil, rivastigmine, galanthamine, caproctamine and memantine were also used for the treatment of AD, but are known for their unfavorable effects (Adewusi et al., 2010; Darreh-Shori and Soininen, 2010; Kovacs et al., 2012) . Therefore, researchers are in continuous search for new, safe and efficient anti-AD drugs. A potential source of AChE inhibitors is provided by the abundance of plants in nature, and natural products continue to provide useful drugs and templates for the development of other compounds (Adewusi et al., 2010; Erdogan Orhan, 2012) . Boesenbergia rotunda is a medicinal plant taht usually used in Malaysia and Indonesia as food ingredients and/or condiments. Traditional healers have been utilizing the rhizomes of this plant for curative purposes against inflammation, leucorrhoea, oral diseases, cancers and neurological disorders. In addition to being used for primary health care, the rhizomes have been reported to have aphrodisiac properties (Abdelwahab et al., 2011; Ching et al., 2007) . B. rotunda exhibits versatile pharmacological activities such as antimutagenesis, antimicrobial, analgesic, antipyretic, and insecticidal. Some biologically active substances have isolated from this plant such as pinostrobin, pinocembrin, chromene, panduratin C, panduratin A, cardamonin and alpinetin (Ching et al., 2007; Tuchinda et al., 2002) . Boesenbergin A (BA) is a chalcone derivative, which was first isolated from B. rotunda. Chalcones are aromatic ketones that compose the basic skeleton of several biologically active compounds.
They contain two aromatic rings with an unsaturated chain. They show antimicrobial, cytotoxic, antiparasitic and antiinflammatory properties (Guo et al., 2009) . Even though other chalcones have been described in terms of their various medicinal uses, BA has not been studied extensively (Chadwick et al., 2006) . Thus, the current study was designed to understand the effects of BA on AchE in vitro and in silico and to understand the traditional use of B. rotunda as a treatment for some neurological diseases. (Sudwan et al., 2007) . The purity of the compound was analyzed by UFLC using a Shimadzu UFLC system equipped with a PDA UV detector and Ion Trap TOF mass spectrometer.
MATERIALS AND METHODS

Isolation
Anti-AChE Assay
The anti-hAChE activity of BA was evaluated by Ellmann's method with slight modifications, using acetylthiocholine as a substrate (Tarek Mohamed 2011) and 5,5 f-dithiobis[2-nitrobenzoic acid] (DTNB). A mixture of sodium phosphate buffer (pH 8.0, 110 µL), sample solution (20 µL; 2X10 -5 M), DTNB (0.126 mM, 50 µL) and AChE enzyme (0.6 U/mL, 20 µL) was incubated in 96-well plate for 50 minutes at 37 ºC. The reaction was then initiated by the addition of acetylthiocholine iodide (0.120 mM, 50 µL) (n=3). The hydrolysis of acetylthiocholine was monitored by the formation of yellow 5-thio-2-nitrobenzoate anion as the result of the reaction of DTNB with thiocholine, released by the enzymatic hydrolysis of acetylthiocholine, at a wavelength of 412 nm every 30 s for 25 min using a 96-well microplate plate reader (TECAN Infinite M200, Mannedorf, Switzerland). BA and the standard drugs (tacrine and propidium iodide) were dissolved in analytical grade DMSO. The percent inhibition of the enzyme activity due to the presence of increasing test compound concentration was obtained from the expression; 100-(v i /v o x 100), where v i is the initial rate calculated in the presence of inhibitors and v o is the enzyme activity.
Molecular Docking Evaluation
The crystal structure of human acetylcholinesterase (hAChE) designated as 1B41 (Kryger et al., 2000) was retrieved from the Protein Data Bank (PDB). Fasciculin-II as well as water molecules were removed, and polar hydrogen atoms were added to the structure. Missing atoms identified on Gln291 were added and CHARMm forcefield was applied to the structure. All of these were done using Accelrys Discovery Studio Visualizer. The chemical structure of boesenbergin A was drawn and rendered to 3D configuration using ChemBioDraw 2008 and ChemBio3D 2008 (CambridgeSoft) respectively. The structure was then minimised in HyperChem 6.0 using PM3 semi-empirical method. Minimisation was done using the Steepest Descent algorithm (1000 cycles), followed by Fletcher-Reeves (Conjugate gradient) algorithm until convergence was achieved.
A blind docking study with flexible boesenbergin A was done, using Autodock 4.2 software (Azam et al., 2011) . By default, solvation parameters and Gasteiger charges were assigned to all atoms of hAChE. A grid box with maximum number (126 + 1) of grid points and grid spacing of 0.547Å for all three dimensions was generated using AutoDock Tools v.1.4.2. This grid box spans the entire protein. A Lamarkian Genetic Algorithm search method was then employed for docking. The number of runs was set to 100 and the maximum number of evaluations was set to 25 million. Other parameters were set as default. From the results of blind docking, a more specific docking was consequently done by using a smaller search space which corresponded to the vicinity occupied by the most populated docked ligand cluster with the lowest mean binding energy. This grid box had similar number of grid points (126+1) but with a smaller grid spacing of 0.225Å. After the grid maps were generated, the ligand was docked again to hAChE using the same docking search method and parameters.
Analysis of Absorption, Distribution, Metabolism, Excretion and Toxicity properties
BA was studied for ADMET properties using ADMET Descriptors Software. This in silico system performs computational prediction based solely on the chemical structure of the molecule. Included are six models that provide a comprehensive analysis of ADMET characteristics: Aqueous Solubility, Blood Brain Barrier Penetration, CYP2D6 Binding, Hepatotoxicity, Intestinal Absorption and Plasma Protein Binding. ADMET Descriptors software also calculates AlogP98 and PSA_2D, which are used in plotting the confidence ellipses (Ekins et al., 2005) .
RESULTS
Anti-AChE Assay
The inhibitory activities of BA and the standard drugs tacrin and propidium on human acetylcholinesterase are shown in Table 1 . These results indicated that the compound BA had high activity (70.1± 5.43). The standard drugs tacrin and propidium used in this study showed inhibitions of 76.6 ± 5.11 and 28.2 ± 2.47, respectively.
Molecular Modelling
The output file from the blind docking study yields the top four clusters with the lowest binding energies are also the four biggest clusters. They represent a total of 50 conformations out of the 100 generated. Most importantly, all of them share a similar docking site; the entrance to the gorge of the protein binding site. At the deep end of the gorge is where the active site resides (Kryger et al., 2000) . Hence, that particular site was chosen for a more specific docking work. Results from the specific docking show that 33 conformations out of the 100 falls into a single cluster with a mean binding energy of -9.37 kcal/mol. For this particular conformation that is shown in Figure 1 , a hydrogen bond forms between O17 of boesenbergin A and Ser125. Several pi-pi interactions are also present between aromatic rings of the ligand and residues Trp86, Trp286 and Tyr341 (Figure 2) . Numerous hydrophobic interactions exist between boesenbergin A and Tyr72, Asp74, Trp86, Gly120, Gly121, Gly122, Tyr124, Gly126, Leu130, Trp286, Phe297, Tyr337, Phe338, Tyr341, and His447 residues, as shown in Figure 3 and 4. Van der Waals interactions are observed between O18 and C30 of boesenbergin A with Gly120, and C9 of the ligand with Tyr337 (Figure 2 ).
In silico ADMET
In ADMET study, intestinal absorption, aqueous solubility, blood brain barriers and protein binding percentage properties of BA were investigated ( Figure 5 ). The intestinal absorption was good and aqueous solubility was optimal. However, the blood brain barrier ratio was very high for BA. The plasma protein binding percentage was more than 90% for BA. This drug also exhibited good ADMET properties indicating scope for further studies towards developing this compound into a potent drug candidate. Results of this objective are summarized in Table  1 and Figure 5 . 
Entrance to gorge
DISCUSSION
The current study was designed to investigate the antihuman cholinesterase inhibitory effects of BA. BA was isolated from B. rotunda, a South-eastern plant that used traditionally to cure some neurological disorders. The results of this study show that BA (2X10 -5 M) has a significant inhibition towards human type AchE (70.1± 5.43). There are certain natural and synthetic AchE inhibitors which will prevent the cause of AD by inhibiting AchE (Giacobini, 2004) . A previous study showed that naturally occurring compounds could strongly inhibit acetylcholinesterase enzyme (Reiner et al., 2000) . A blind docking work was initially performed to locate the possible binding sites of boesenbergin A to hAChE. After the best binding location is identified, a more specific docking study was performed within the binding spatial vicinity to obtain a more accurate ligand conformation and binding energy. This in silico study has shown that, like tacrine, boesenbergin A binds itself to the active site of hAChE. Acetylcholines are hence denied access to the active site and this could ultimately cause the inhibition of the protein's hydrolase activity (Cravatt et al., 1996) .Boesenbergin A forms interactions with several amino acid residues that are important for the protein function. His447 and Ser203 for instance, are two out of the three residues that make up the catalytic triad of hAChE. His447 forms hydrophobic interaction with boesenbergin A while for Ser203, it is effectively blocked by the ligand that is in its proximity. Figure  4 clearly show how boesenbergin A occupies the gorge while denying acetylcholines access through a single narrow opening that leads into the active site. Table 2 summarises the various interactions that exist between boesenbergin A and the residues from hAChe active site (Wiesner et al., 2007) . Table. 2:The residues from each hAChE active site sub-sites and its interaction with boesenbergin A. Residues that are proximate to the ligand are those that has at least one atom within 5Å distance from a nearest atom of the ligand. (Wiesner et al., 2007) . Similarly, the presence of boesenbergin A at that site effectively causes a steric interference that masks the electrostatic properties of these residues. More importantly, the fact that boesenbergin A occupies the active site of hAChE strongly suggests that it acts as a competitive inhibitor and ultimately reduces the activity of the enzyme (da Silva et al., 2012; Miyazawa et al., 1997) . Calculating ADMET descriptors early in the development of a drug is important to help avoid having to eliminate compounds with unfavorable ADMET characteristics later in the development process, preferably before synthesis (Hop, 2012; Vangala et al., 2012) . The current study has predicted human intestinal absorption (HIA) after oral administration. Intestinal absorption is defined as a percentage absorbed rather than as a ratio of concentrations (cf. blood-brain penetration). A well-absorbed compound is one that is absorbed at least 90% into the bloodstream in humans.
The intestinal absorption model includes 95% and 99% confidence ellipses in the ADMET_PSA_2D, ADMET_AlogP98 plane. The ellipses define regions where well-absorbed compounds are expected to be found: 95% of well-absorbed compounds are expected to fall within the 95% ellipse, while 99% of wellabsorbed compounds should fall within the 99% ellipse. Note that the location of any particular compound does not necessarily imply whether it will be well, moderately, or poorly absorbed (Paixão et al., 2012; Zhang et al., 2012) . In general, however, absorption tends to drop off quite rapidly outside the 95% ellipse. There are four prediction levels [0 =Good, =Moderate, 2=Poor, 3=Very Poor. These levels are defined by the 95% (blue line) and 99% (magenta line) confidence ellipsoids in Figure 5 . The upper limit of PSA_2D value for the 95% confidence ellipsoid is at 131.62, while the upper limit of PSA_2D value for the 99% confidence ellipsoid is at 148.12.
CONCLUSION
This paper extends the understanding on the molecular mechanism underlying the biological activities of Boesenbergia rotunda and its bioactive compound, BA. Furthermore, it supports the pharmacological basis that this finger root has been used as traditional medicine for the treatment of neurological disorders. BA also exhibited good ADMET properties indicating capacity for further studies towards developing this compound into a potent drug candidate. The in silico study suggests that boesenbergin A may inhibit the activity of human acetylcholinesterase by occupying the active site, acting as a competitive inhibitor. Its binding may also affect the capability of the enzyme to recruit acetylcholine because of its interactions with several residues from the peripheral anionic subsite.
